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(54) VARIABLE SPEED DRIVING APPARATUS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To increase the motor torque at 
resumption of operation, by providing a reoperation control means 
to switch excitation currents and torque currents of normal 
inverters to specified magnification factors when a 3-phase and N- 
fold winding motor is driven in variable speed and M inverters out 
of N units developed failure. 

SOLUTION: A repeated operation control unit 30 fetches a failure 
signal to a fault detecting circuit 301 from the control circuits 2B, 
3B when a failure such as breakdown of the main circuit element of 
inverter or blowing of fuse is generated. When a failure occurs in 
the inverter 3 and repeated operation is performed only by the 
inverter 2, a switch 29 is controlled to open, the switches 28, 26, 
27 are closed and the switch 25 is changed over to the arithmetic 
unit 24 side. When the switches 26, 27 are closed, current 
commands i1d*, i1q* become twice the ordinary value to eliminate 
the case where a torque T is reduced to 1/4. The voltage 
application coefficient can be enhanced by eliminating the primary 
voltage to be applied to the motor from the inverter becomes 1/2. 
When a current command is doubled, the switch 25 is changed over 

to the limiter arithmetic unit 24 side in order to set a limit value of the limiter 22 to the value identical to 
the ordinary value. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A three-phase-circuit N lap winding line motor is driven at variable speed with the inverter of N base, 
and set an exciting current and a torque current to 1 -/N at the time, and it usually considers them as the current 
command of each inverter. In the variable speed drive equipment which performs re-operation with the healthy 
remaining inverters at the time of inverter failure generating Variable speed drive equipment characterized by 
having the re-operation control means which changes the exciting current and torque current of a healthy 
inverter 1/(N-M) twice from 1-/N when M sets of inverters carry out failure generating among the inverters of N 
base. 

[Claim 2] A three-phase-circuit N lap winding line motor is driven at variable speed with the inverter of N base, 
and set an exciting current and a torque current to 1-/N at the time, and it usually considers them as the current 
command of each inverter. In the variable speed drive equipment which performs re-operation with the healthy 
remaining inverters at the time of inverter failure generating When M sets of inverters carry out failure 
generating among the inverters of N base, the exciting current and torque current of a healthy inverter from 1-/N 
Variable speed drive equipment characterized by having the re-operation control means which doubles [ which 
is decided by equipment maximum current I1LIM of an inverter (N-M) / IlLIM/root2 ] an exciting current, and 
changes a torque current limit value to I(N-M)lLIM/root2. 

[Claim 3] A three-phase-circuit N lap winding line motor is driven at variable speed with the inverter of N base, 
and set an exciting current and a torque current to 1 -/N at the time, and it usually considers them as the current 
command of each inverter. In the variable speed drive equipment which performs re-operation with the healthy 
remaining inverters at the time of inverter failure generating Variable speed drive equipment characterized by 
having the re-operation control means which turns OFF the current control loop of the control circuit of a 
healthy inverter when M sets of inverters carry out failure generating among the inverters of N base, and makes 
an inverter a control voltage source. 

[Claim 4] Said re-operation control means is claim 1 characterized by having the rate command generating 
means which becomes below the acceleration condition searched for beforehand from the relation between the 
torque as which a load requires a load in the case of the system configuration driven at variable speed by the 
rate pattern with an acceleration/deceleration space and a constant-speed field, and the torque in which the 
output of said healthy inverter is possible thru/or variable speed drive equipment given in any 1 of 3. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the method which starts the equipment driven at variable speed 
by two or more sets of inverters, especially re-operates a three-phase-circuit multiple winding motor with the 
remaining healthy inverters at the time of failure generating of an inverter. 
[0002] 

[Description of the Prior Art] When re-operation of the equipment driven at variable speed in a three-phase 
motor by two or more sets of inverters by the remaining healthy inverters is attained and it is applied to an 
elevator at the time of failure of an inverter, the emergency operation of it becomes possible. 
[0003] The inverter output of two sets is combined through an interphase reactor, a three-phase motor is driven, 
when one set of an inverter breaks down to this kind of equipment, it is separated to it, and there is a method re- 
operated at a rate lower than rated speed with a healthy inverter in it (Japanese-Patent- Application-No. No. 
64957 [ 62 to ] official report). 

[0004] As other methods, a coil considers as the equipment which drives the tandem motor or three-phase- 
circuit 2 coil motor which became independent magnetically by two sets of inverters, respectively, and when 
one inverter breaks down, what makes the separation unnecessary and is driven with the inverter of another side 
is announced (P. 5-91-92 besides the Heisei 6 Institute of Electrical Engineers of Japan national conference, 551, 
the driving gear for ultra high-speed elevators, and Hokari). 

[0005] Moreover, the applicant for this patent has already proposed the "inverter control unit for an elevator 
drive" which usually sets the current command at the time of re-operation to one half at the time as a re- 
operating system of a three-phase-circuit duplex coil motor (JP,7-002037,B). 
[0006] This re-operating system is explained below. 

[0007] (Driving gear of a three-phase-circuit duplex coil motor) Drawing 14 shows the driving gear of a three- 
phase-circuit duplex coil motor, gives 2 sets of coils to the stator winding of the three-phase-circuit induction 
motor 1, and excites a class coil according to an individual by two sets of inverters. In illustration, the induction 
motor of six poles is assumed, three coils Ul, VI, and Wl are made into one group, other three coils U2, V2, 
and W2 are made into one group, and it drives with inverters 2 and 3. 

[0008] (An electrical-potential-difference equation and its deformation) When this induction motor is 
considered with the coil model on biaxial, it comes to be shown in drawing 15 . In this drawing, if it asks for the 
electrical-potential-difference equation on the d-q shaft which rotates with the power-source angular frequency 
omega, it will become the following (1) equation. 
[0009] 
[Equation 1] 
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[0010] In the above-mentioned formula, if each coil considers as a balanced coil, it will be set to R1=R2, 
L1=L2, and M=M12**M13**M23. Moreover, Torque T can be expressed with the following (2) types (it 
changes absolutely). However, Pole is a motor pole. 
[0011] 
[Equation 2] 
Pols 

T = ^— { Ml3 ( i 3d i lq" hq I Id) +M23 ( 1 3d 1 2 q ~ i 3q I 2d )} 



2 

Pole 
2 



■M (( i iq + hq) i 3d — (iid+ i 2d ) i 3q > (N-m) 



(2) 



[0012] Moreover, it can express with the following (3) types and secondary magnetic flux is [0013]. 
[Equation 3] 

i3d=Ml3 i Id + Mz3 I 2d + L3 i 3d . _ ^ 
^3q = Ml3 i l«l -f- M23 I 2q+L3 I 3q 



[0014] The following (4) types which transformed this [0015] 
[Equation 4] 

1 , Ml 3 : M23 : 



1 3d = -j-y hd-"jjp I Id 



L3 



1 2d 



; 1 , Ml 3 : M23 ; 

1 3q= TT 23q ~TT 1 lq "TT 1 2q 



(4) 



[0016] It is [0017], when it substitutes for the aforementioned (1) type and sets with leakage inductance M 
sigma=M-M 2 / L3 further. 
[Equation 5] 
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[001 8] The aforementioned (1) type can deform into the following (6) types from a next door and these. 
[0019] 
[Equation 6] 
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[0020] Furthermore, if lambda3d of a current phasor and lambda3q are changed to the current expression of 
lambda3 d/M and lambda3 q/M, it can deform into the following (7) types. 
0021] 

Equation 7] 
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[0022] (Vector control conditions) If d shaft of the three-phase-circuit duplex coil motor which becomes the 
above-mentioned electrical-potential-difference equation is taken on secondary magnetic flux, the vector control 
conditions of a motor will be set to lambda3d= regularity, lambda3q=0, and i3d=0. If these are substituted for 
the aforementioned (3) types, it will become the following (8) types and the torque part current of a motor will 
serve as the sum of torque part current ilq of an inverter 2, and torque part current i2q of an inverter 3. 
[0023] 
[Equation 8] 
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0=M ( 1 lq+ 1 2q ) + L3 1 3Q 

.'. i lq+ i Zq=— ^" 1 3q (8) 

[0024] Next, the conditions of a skid frequency to materialize lambda3q=0 are explained. (7) It becomes the 
following (9) types from the 6th line of a formula. 
[0025] 
[Equation 9] 

0=-R3'iiq-R3'i2q + asM'-* 3d /M 

„ R3' (jliillij nn 
ty s = -rp - * — 5 — ; u ) 

[0026] Moreover, from the 5th line of (7) types, when it asks for the exciting current when performing field 

control, and the relation of secondary magnetic flux, it is as follows. 

[0027] 

[Equation 1 0] 

0 = -R3'iid-R3' i 2d + ( Ra' +M'P) * 3d /M 

iid+i2d=(U^P}^ 3d /M dO) 

EBttftTfcU iid+ i 2 d= * 3d /M 

[0028] From the thing to the above, the sum of the excitation part current of both inverters can be treated on a 
par with the conventional vector control by the three-phase-circuit duplex coil motor by considering the sum of 
an excitation part current and a torque part current to be a torque part current. 

[0029] Moreover, if the torque T when vector control is materialized substitutes and arranges i3d=0 in the 
aforementioned (2) types and i3q of (8) types is substituted further, it can be searched for as follows and can be 
treated on a par [ torque ] with the conventional vector control. 
[0030] 

[Equation 1 1 ] 

T=^'M{-^-(iid+i2d)(ii q +izq)} 
= ^y 1 -M , (iN+i2d)(iiq+iz<,) (ID 

[003 1 ] (Non-interacting control) From the aforementioned (7) types, if it asks for d in the steady state at the 
time of vector control condition formation, and the ideal electrical potential difference of q shaft primary 
voltage, it will become like the following (12) types. 
[0032] 

[Equation 12] 
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Vn = Rlild-W!lilq-WMf(ilq+ 1 2q) 

vi Q =<y Xi i id+Ri i iq+wM»( iid+ i2d)+tyM'^ 3d /M 

V 2d = R2 1 2d-Q>l Z i Zg -0JM# ( i 2q) 

v Zq = £yj? 2 1 Zd + R2 I 2q+WM<r { i ld+ i2d) + (»M'^ 3d /M j 

(12) 

[0033] If this formula is transformed from the relation of lambda3 d=ild+i2d, it will become the following (13) 

types. 

[0034] 

[Equation 13] 

Vid=Rt i ld-wjli i iq-wMo( i h+ i 2q ) 

viq = (yii i id + Rii lq+w (Mff+M') ( i 1 d + 
= i i id+Ri i iq+wM( i h+ i2d) 

> 

V 2d= R2 1 2d-W iZi2q-WMo( ilq+ 1 2q) 

V2q = Wl2i2d + R2i2q+<y (Mf+M') ( ild+ i 2d) 
= 0l2i2d + R2i2q+<yM( I id+ 1 2d> 

(13) 

[0035] Non-interacting control is asked for primary- voltage command vld 5 v2d, vlq, and v2q by the operation 

which followed the above-mentioned (12) types or (13) types to primary-current ild, i2d, ilq, and i2q. 

[0036] (Basic configuration of a control device) From the thing to the above, the vector control equipment when 

driving a three-phase-circuit duplex coil motor by two sets of inverters differs in respect of the following by the 

case where vector control of the three-phase motor is carried out by one set of an inverter. 

[0037] (a) The value which carried out the excitation command and the torque command by N at the numberl/N 

of an inverter turns into a command value of each inverter. 

[0038] (b) Use whole excitation command I0*=(lambda3 d/M) *=ild+i2d+-- in the induced voltage calculation 
in the non-interacting-control electrical-potential-difference operation of the control circuit of each inverter. 
[0039] (c) A part for primary impedance voltage descent (11 [ Rl and ]/R2, 12-/—) is determined by the primary 
current (ild, liq/i2d, i2q/~ ) of each inverter. 

[0040] (d) Mutual leakage inductance voltage drop part Msigma is determined by total of the primary current of 
all inverters. 

[0041] A speed-control system is omitted to drawing 16 , and the equipment configuration which drives the 
three-phase-circuit duplex coil motor in consideration of these matters by two sets of inverters is shown in it. 
[0042] The skid frequency operation part 4 which becomes the intersection of this drawing is slippery from the 
secondary time constant of excitation command 10*, torque command IT*, and a motor, asks for frequency 
omegaS, asks for the power-source angular frequency omega by adding Rota rate omegar detected by the pulse 
generator 5 and the rate detector 6 to this, and asks for a phase theta by carrying out an integration operator by 
the integral section 7 further. 

[0043] The control circuit of an inverter is shown in control circuit 2B of only an inverter 2, and excitation 
command 10* and torque command IT* are set to one half with coefficient multipliers 8 and 9, respectively for 
control by two sets of inverters, and carry out PI (proportional integral) operation of the deflection with a 
feedback value by the current control operation part 10 and 1 1 according to these command ild* and ilq*. 
Current detection value ild for this operation and ilq carry out the three phase circuit / 2 phase-number 
conversion of the detection current from a motor 1 in the coordinate transformation section 12 using a phase 
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theta. 

[0044] The noninterfering electrical-potential-difference operation part 13 subtracts and adds by multiplying by 
the multiplier operation and angular frequency omega to the current command which set excitation command 
10* , torque command IT*, and them to one half based on the aforementioned (12) types. The gating waveform 
which compounded and carried out pulse width modulation to the primary- voltage wave which carries out 
addition amendment, respectively by the result of an operation of the current control operation part 10 and 1 1 , 
and has the amplitude and a phase theta in this result by the PWM circuit 14 is obtained, and the PWM gate 
control of each phase switch of main circuit 2A of an inverter 2 is carried out. 

[0045] In addition, when the noninterfering operation based on the aforementioned (13) types constitutes a 
control circuit, the arithmetic circuit of the noninterfering electrical-potential-difference operation part 13 is 
changed. Moreover, in order to perform the time of performing field weak control for a motor in a constant 
output area, and the maximum efficiency control, in making magnetic flux adjustable, it ends with the 
configuration which asks for exciting-current 10* (=ild+i2d) from excitation command lambda3 d/M according 
to the aforementioned (10) types. Moreover, it becomes the same configuration also when driving a three- 
phase-circuit N lap winding line motor with the inverter of N base. 
[0046] 

[Problem(s) to be Solved by the Invention] The re-operating system when driving a three-phase motor by two 
sets of inverters among the conventional methods does not drive a three-phase-circuit multiple winding motor 
by two or more sets of inverters. 

[0047] Moreover, in what makes a motor a tandem configuration, at the time of failure of an inverter, since it 
re-operates with a healthy inverter, a change-over circuit can be made unnecessary. However, since it becomes 
cost quantity in order to consider a motor as a tandem configuration, and the axial length of a motor doubles, 
the demerit of an installation tooth space is large. 

[0048] With the configuration of this point and drawing 14 , although the physique becomes large, motor axial 
length can do it short compared with a tandem system. However, in this re-operating system, it becomes the 
individual operation by one set of an inverter, and it will operate by ild* and ilq* which set current command 
10* and IT* to one half with coefficient multipliers 8 and 9, respectively, and the motor torque T will usually 
fall even to one fourth at the time from (11) types in that control circuit. 

[0049] Similarly with the configuration driven with the inverter of N base, a three-phase-circuit N lap winding 
line motor When it becomes the following (14) types which extended (11) types and one set of an inverter 
breaks down, Torque T will become (15) types, will fall to 2 (N-l)/N2, when M sets of inverters break down, 
will become (16) types and will fall to 2 (N-M)/N2. 
[0050] 

[Equation 14] 

T~^' (iin+ i zd+ — + i Nd) • { i iq+ i 2q + — + iHq) 



2 



(14) 



[0051] 

[Equation 1 5] 

2 •— l0 'ir lT 

= Zili.M'.(^) 2 ln.lT (15) 



2 



[0052] 

[Equation 16] 
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[0053] The purpose of this invention drives a three-phase-circuit multiple winding motor by two or more sets of 
inverters, and is to offer the variable speed drive equipment which can increase the motor torque at the time of 
re-operation by inverter failure generating. 
[0054] 

[Means for Solving the Problem] Although this invention drives a three-phase-circuit N lap winding line motor 
with the inverter of N base and performs re-operation with the healthy remaining inverters at the time of 
inverter failure generating The method which doubles [ 1/(N-M) ] the exciting current and torque current of a 
healthy inverter, The method which doubles [ I(N-M)lLIM/root2 ] an exciting current, and sets a torque current 
limit value to I(N-M)lLIM/root2, It is what was made into the method which turns off an ACR loop formation, 
and the method operated below on the acceleration condition searched for from the relation between the torque 
which a load requires in these methods further, and the torque in which the output of a healthy inverter is 
possible, and is characterized by the following configurations. 

[0055] A three-phase-circuit N lap winding line motor is driven at variable speed with the inverter of N base. 
(1st invention) Usually, set an exciting current and a torque current to 1-/N at the time, it considers them as the 
current command of each inverter, and it sets to the variable speed drive equipment which performs re- 
operation with the healthy remaining inverters at the time of inverter failure generating. When M sets of 
inverters carry out failure generating among the inverters of N base, it is characterized by having the re- 
operation control means which changes the exciting current and torque current of a healthy inverter 1/(N-M) 
twice from 1-/N. 

[0056] A three-phase-circuit N lap winding line motor is driven at variable speed with the inverter of N base. 
(2nd invention) Usually, set an exciting current and a torque current to 1-/N at the time, it considers them as the 
current command of each inverter, and it sets to the variable speed drive equipment which performs re- 
operation with the healthy remaining inverters at the time of inverter failure generating. When M sets of 
inverters carry out failure generating among the inverters of N base, the exciting current and torque current of a 
healthy inverter from 1-/N It is characterized by having the re-operation control means which doubles [ which is 
decided by equipment maximum current I1LIM of an inverter (N-M) / IlLIM/root2 ] an exciting current, and 
changes a torque current limit value to I(N-M)lLIM/root2. 

[0057] A three-phase-circuit N lap winding line motor is driven at variable speed with the inverter of N base. 
(3rd invention) Usually, set an exciting current and a torque current to 1-/N at the time, it considers them as the 
current command of each inverter, and it sets to the variable speed drive equipment which performs re- 
operation with the healthy remaining inverters at the time of inverter failure generating. It is characterized by 
having the re-operation control means which turns OFF the current control loop of the control circuit of a 
healthy inverter when M sets of inverters carry out failure generating among the inverters of N base, and makes 
an inverter a control voltage source. 

[0058] (4th invention) Said re-operation control means is characterized by having the rate command generating 
means which becomes below the acceleration condition searched for beforehand from the relation between the 
torque as which a load requires a load in the case of the system configuration driven at variable speed by the 
rate pattern with an acceleration/deceleration space and a constant-speed field, and the torque in which the 
output of said healthy inverter is possible. 
[0059] 

[Embodiment of the Invention] (1st operation gestalt) Drawing 1 is the continuation of operation and the 
control-system block diagram of the three-phase-circuit duplex coil motor in which the operation gestalt of this 
invention is shown. The part into which this drawing differs from drawing 16 is in the point of having prepared 
the re-operation control section and the switch section for re-operation. 

[0060] Torque command IT* carries out PI (proportional integral) operation of the deflection of rate command 
omegar* with the speed-control amplifier 21, and a speed detection value, and is called for by the speed-control 
system restricted to this by the limiter 22. The limit value of this limiter 22 is calculated by the limiter operation 
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part 23 and 24, with a switch 25, it is set up with the output of the limiter operation part 23, and when one set of 
an inverter breaks down, a switch 25 is switched at the time and it usually sets it up with the output of the 
limiter operation part 24. 

[0061] Switches 26 and 27 are given to control circuit 2B, 3B, and the skid frequency operation part 4 as 
current command ild* and ilq* as they are, without making coefficient multipliers 8 and 9 bypass in the 
actuation, and setting excitation command 10* and torque command IT* to one half. 
[0062] Enabling the separation of between main circuit 2A of an inverter 2, and a motor 1 of a switch 28, 29 
enables the separation of between main circuit 3 A of an inverter 3, and motors 1 . 

[0063] These switches 25-29 are controlled by the re-operation control section 30. The re-operation control 
section 30 incorporates a failure signal from control circuit 2B and 3B to a failure detection circuit 301 at the 
time of failure generating of breakage of the main circuit component of an inverter, fuse **, etc., it judges any 
of inverters 2 and 3 carried out failure generating with this failure signal, the change-over control circuit 302 
generates a change-over control signal according to a failure generating inverter, and the switch control circuit 
303 controls each switches 25-29 in it according to this change-over control signal. 
[0064] In the above configuration, when an inverter 3 carries out failure generating and only an inverter 2 
performs re-operation, open control of the switch 29 is carried out, and a switch 28 is closed, closes switches 26 
and 27, and changes a switch 25 to an operation part 24 side. 

[0065] It loses that the torque T which current command ild* and ilq* usually double at the time, and becomes 
(1 1) types or (15) types with close [ of switches 26 and 27 ] falls to one fourth. Moreover, as shown in (12) 
types, it loses that about 1/of primary voltage impressed to a motor is set to 2 from an inverter, and an electrical- 
potential-difference utilization factor is raised. 

[0066] In this case, in order to follow on doubling current command ild* and ilq* and to usually make the limit 
value of a limiter 22 the same as the thing at the time, a switch 25 is changed to the limiter operation part 24 
side. However, it is effective at the time of I0*<I1LIM and ild*«ilq*, and becomes effective in the equipment 
with which acceleration-and-deceleration torque becomes large [ a rating torque ] 2.5 to 4 times like the 
equipment with which torque current IT* becomes large compared with exciting-current 10* as shown in 
drawing 2 , for example, an elevator. 

[0067] (2nd operation gestalt) Although the above-mentioned operation gestalt shows the case of a three-phase- 
circuit duplex coil motor, in a three-phase-circuit N lap winding line motor, it is constituted similarly. Drawing 
3 shows the important section control circuit at the time of applying to a three-phase-circuit N lap winding line 
motor. N inverters are formed and coefficient multipliers 8 and 9 set exciting-current 10* and torque current IT* 
to 1-/N in connection with this, respectively. Moreover, since it corresponds when M sets of inverters break 
down among the inverters of N base, switches 26 and 27 are replaced with making coefficient multipliers 8 and 
9 bypass, and are carried out to the configuration changed to the coefficient multipliers 31 and 32 with 1/(N-M) 
of multipliers. In addition, the number M required for the multiplier operation of coefficient multipliers 31 and 
32 is given from the re-operation control section 30. 

[0068] Moreover, since the capacity of an inverter is restrained by equipment maximum current I1LIM, the 
limiter value of the torque current of the limit operation part 23 and 24 is calculated by the operation of a degree 
type. 
[0069] 

[Equation 17] 

23© 1 ; $y*1t= |(N'Iilim) 2 ~Io* Z 

24©y *y *tt=J {(N-MMilim} Z -Io* Z 

(N-MHilim=^Io* 2 + It* 2 (n) 

[0070] (3rd operation gestalt) In the operation gestalt of until said, when a healthy inverter performs re- 
operation at the time of inverter failure, if the maximum torque is obtained under constraint of equipment 
maximum current I1LIM which specifies inverter equipment capacity, it will become useful. 
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[0071] the conditions used as this maximum torque - I from the vector relation of drawing 4 « it is fixed 1 LIM 
and is that the area of ild*xilq* becomes max from T**ild*xilq*, at i.e., the time of ild*=ilq*=HLIM/root2. 
[0072] From the above thing, it considers as the configuration shown in drawing 5 for the re-operation control 
which obtains the maximum torque with this operation gestalt. A part which this drawing shows the important 
section control circuit applied to the three-phase-circuit duplex coil motor, and is different from the case of 
drawing 1 is in the point of having formed the coefficient multiplier 33 and the switch 34. 
[0073] A coefficient multiplier 33 acquires the value of l/root2 of equipment maximum current II LIM. A 
switch 34 is changed when one set of an inverter breaks down, and it is set to IlLIM/root2 which replaced with 
exciting-current 10* till then, and let the coefficient multiplier 33 pass. The limiter value ITLIM of torque 
current IT* at this time turns into the following value. 
[0074] 

[Equatio n 18] 

2 . T *2 



I ilim= ^ Io* 2 + It* 



lTLIM=^IlLIM Z -l0* 2 (18) 

J t 2 / 1 1 L I M \ 2 



IlLIM 

If 



[0075] Here, the torque comparison with maximum torque control and the usual vector control is explained. 
[0076] In the usual vector control, when one set of an inverter breaks down and it re-operates by one set of the 
healthy remaining inverters, torque becomes the following (19) types from the aforementioned (11) formula. 
[0077] 

[Equation 19] 

T=K - i id • i iq (19) 

[0078] If the relation of the following (20) types is substituted and deformed into this, current ild and ilq will 

be called for as the following (21) types and (22) types. 

[0079] 

[Equ ation 20] 

1 1=7 i id 2 + iiq 2 (20) 

I |q=A i Id 
[0080] 

[Equation 21] 
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1 1= J i Id 2 + i lq 



L+A 2 • iid 



ld=T=F (21) 



2 



ii-J— r + 'io 



75- + 1 - in 

A £ 

II 

lq = 



fir 



(22) 



A< +1 



[0081] If these (21) types and (22) types are substituted for (19) types, Torque T will become the following (23) 

types. 

[0082] 

[Equation 22] 

T-K-fA^ I. ' 



A< +1 

= K ^-y- -II 2 (23) 

1 + A Z 

[0083] In this (23) type, if Torque T is differentiated by the ratio A in order to search for the conditions of the 
maximum torque, since it becomes the following (24) types and T -0 becomes maximum torque conditions, it 
will become a ratio A= 1 . 
[0084] 

[Equation 23] 

r=Ki, ! -4^#=Ki, ! --^ —(21) 

[0085] If this ratio A=il q/ild=l is substituted for (23) types, Torque T will become the following (25) types. 
[0086] 

[Equation 24] 

T=K--f -II 2 (25) 

[0087] From this (25) type and (23) types, by (23) formulas, to being set to torque T=K (4/17) and 112, if 
maximum torque condition A=il q/ild=l, it is set to torque T=K (1/2) and 112 from (25) types at the time of 
A=il q/ild=4, and it can acquire 2.125 times as many torque as this. 

[0088] Therefore, with this operation gestalt which becomes the configuration of drawing 5 , by changing the 
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exciting current of a healthy inverter to IlLIM/root2, and setting a torque current limiting value to IlLIM/root2 
at the time of failure generating of an inverter, it becomes operation by maximum torque conditions, and re- 
operation of the motor by the maximum torque can be performed. 

[0089] (4th operation gestalt) Although the 3rd operation gestalt shown in drawing 5 shows the case of a three- 
phase-circuit duplex coil motor, operation according [ the case of a three-phase-circuit N lap winding line 
motor ] to the maximum torque similarly can do it. Drawing 6 shows the important section control circuit at the 
time of applying to a three-phase-circuit N lap winding line motor. 

[0090] N inverters are formed and coefficient multipliers 8 and 9 set exciting-current 10* and torque current IT* 
to 1-/N in connection with this, respectively. Moreover, since it corresponds when M sets of inverters break 
down among the inverters of N base, switches 26 and 27 are replaced with making coefficient multipliers 8 and 
9 bypass, and are carried out to the configuration changed to the coefficient multipliers 31 and 32 with 1/(N-M) 
of multipliers. In addition, the number M required for the multiplier operation of coefficient multipliers 31 and 
32 is given from the re-operation control section 30. 

[0091] From the vector relation of drawing 7 , since it is the conditions used as the maximum torque at the time 
of I0*=IT*=(N-M) IlLIM/root2, they set the multiplier of a coefficient multiplier 33 to (N-M)/root2, set an 
exciting current 10 to I(N-M)lLIM/root2, and set a torque command limiter value to I(N-M)lLIM/root2. 
[0092] When a three-phase-circuit N lap winding line motor is driven with the inverter of N base and M sets of 
the inverters of them break down by this configuration, re-operation by the maximum torque can be performed. 
[0093] (5th operation gestalt) In each operation gestalt of until said, although re-operation is performed with a 
healthy inverter and an exciting current and a torque current are carried out at twice or twice N/(N-M) twice, it 
considers as the configuration which separates the current control (ACR) loop formation of control circuit 2B 
although the conditions of this and equivalence are acquired. 

[0094] If an ACR loop formation is separated, the noninterfering electrical-potential-difference operation part 
13 will output an ideal electrical -potential-difference command when vector control conditions are satisfied. 
The electrical potential difference at this time becomes like the following (26) types from the aforementioned 
(12) types, when re-operating only with an inverter 2. 
[0095] 

[Equation 25] 

Vii = Rlild-Wililq-(»M#lT* 



Vh = 0)il i Id + Rl M,+0M*IO*+WM' -* 3d /M 



(26) 



[0096] Or it becomes like the following (27) types from the aforementioned (13) types. 
[0097] 

[Equation 26] 

Vid = Rl i |d-Wil i lq-wMalT* 



viq=wii i ld+Ri i k+wMIo* 



(27) 



[0098] If these (26) and (27) types are compared with (12) types, the term concerning omegaM of the electrical- 
potential-difference command viq will become il d->10*, an exciting current will double equivalent, and re- 
operation which raised torque by separation of an ACR loop formation can be performed. 
[0099] The important section control circuit configuration which separates an ACR loop formation at the time 
of re-operation is shown in drawing 8 and drawing 9 . In these configurations, it switches on, when the re- 
operation control section 30 carries out fault detection of the switch 35, and it gives an ACR OFF (separation) 
command to control circuit 2B of a healthy inverter. 

[0100] There is no big difference by operating drawing 9 with close [ of switches 26 and 27 ] with ild*=(l/2) 
10* and ilq*=(l/2) IT* like [ when it is the method made into ild*=I0* and ilq*=IT* and operates by the 
control voltage source ] drawing 8 . 

[0101] Similarly, when driving a three-phase-circuit N lap winding line motor, operation which doubled [ N/(N- 
M) ] the exciting current by separation of an ACR loop formation can be performed. This circuitry is shown in 
drawing 10 and drawing 1 1 , a switch 35 is closed for re-operation by failure of an inverter, and an ACR loop 
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formation is separated. 

[0102] (6th operation gestalt) Drawing 12 is an elevator structure-of-a-system Fig., considers as the system 
configuration of drawing 1 which drives the three-phase-circuit duplex coil motor 1 by two sets of inverters 2 
and 3, and makes it go up and down the elevator cage 37 by making a block (sheave) 36 into a moderation 
device from a motor 1 . 38 is a counter weight (balance weight). 

[0103] In this configuration, the rate pattern of the rate command given to inverters 2 and 3, i.e., an elevator, 
comes to be shown in drawing 13 , and the acceleration-and-deceleration torque TA required to obtain this rate 
V, the load torque TMR, and full load torque TMR+TA become like the continuous line of illustration. This 
operation gestalt in this configuration is explained below at a detail. 

[01 04] (Torque TMR at the time of the constant speed of an elevator) An elevator is changed into the rectilinear 
motion of the "cage" with which rotation of a motor and a block has led to the rope, and a counter weight. The 
power P of this rectilinear-motion system is P(W) =f(N) xv (m/s), when expressed at force f (N) and a rate v 
(m/s). 

It will become a degree type if expressed at next door and force F (kg) and a rate V (m/min). 
[0105] 

P(kW) xl000=F(kg) x9.8xV (m/min) - in /60P(kW) =F(kg) xV (m/min) / 6120 elevator, since it balances with 
a cage and the difference of weight is set to F (kg), the necessary output PR of a motor 1 can be expressed with 
a degree type. 
[0106] 

[Equation 271 

p __j____V_ (2gJ 

™ 6120X1 

Ku:*30£^fefcO©*W* (iift 0.5) 
Wr:£«MM (kg) 

Vn:£fe£A (m/min) 

[0107] The torque of a motor and the relation of power are T(kg-m) =P(kW) xl000/(l .027xN (rpm)). 
More, if (28) types are substituted, the necessary torque TMR will serve as the following (29) types. 
[0108] 

[Equation 28] 

fL , KuxWrXVr 1 0 0 0 , 9n 

Tmr (kg.m) = 612()x , ' 1(0 2 7 xNm (rpm) (Z9) 

[0109] ((TA) Torque at the time of the acceleration and deceleration of an elevator) The torque of a rotation 

system is expressed as follows. 

[0110] 

[Equation 29] 

■r rt i GI)Z Nm mm 

GD Z :*-?Si£1?GD 2 (^-m 2 ) 
NM:£*8@fe& (rpm) 
tR:3Efc@feft*?©tD3iH|H (sec) 

[01 1 1] And the cage rate v (m/s) is v(m/s) =2pi. -(D/2)- (NM/60) It is =piD (NM/60). 
D: The diameter of a block (m) 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 7/6/2006 



JP,2000-004600,A [DETAILED DESCRIPTION] 



Page 13 of 15 



More, the torque TA at the time of acceleration and deceleration is searched for by the degree type by 

substituting this nominal speed NM for (30) types. 

[0112] 

[Equation 30] 

r „ , GD 2 60 v 



GO 2 60 



3 7 5 *D 
a=fr?m& (m/S 2 ) 



« (31) 



[01 13] (Maximum torque at the time of the acceleration and deceleration of an elevator) From the torque TMR 
at the time of the aforementioned constant speed, and the torque TA at the time of acceleration and deceleration, 
maximum torque Tmax demanded at the time of acceleration and deceleration is as follows. 
[0114] Tmax=TMR+TA (kg-m) 

(Torque in which the output at the time of re-operation is possible) By failure of an inverter, the torque in the 
case of re-operating with a healthy inverter becomes a degree type from the aforementioned (11) types with 
twice or the configuration doubled 1/(N-M) about an exciting current. 
[0115] 

[Equation 3 1 ] 

T= M^M'-Io*-Iiq* 
Poie 



•M'-Io*« JliiV-Io* 2 (N-m) 

(32) 



T =Mi.M'.Io*'lT* 



= l°il. M '. Io *.j {(N-M)Iilim} 2 -Io* Z (N-id) 

(33) 

[0116] Moreover, with the configuration which doubles [ IlLIM/root2 twice or (N-M) / IlLIM/root2 ] an 

exciting current, and is considered as maximum torque control, it becomes a degree type. 

[0117] 

[Equation 32] 
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T=-^y i 'M*-l0*-lT* 

_ Poi B .., IlLIM IlLIM 
M 



2 /2" (2 

-_Ml. U ..l}ft W . B) _ (34J 

T=-^y i 'M'-Io*-lT* 

Poie ... (N-M)'Iilim (N-M)-ItLiM 

~ ,M — jt /r~~ 

[0118] (Acceleration conditions of an elevator) In order to operate a healthy inverter within the torque in which 
an output is possible at the time of re-operation from the relation between torque required for elevator operation 
of until said, and the torque in which the output at the time of re-operation is possible, it is necessary to make 
acceleration alpha in (31) types small, and to reduce the acceleration-and-deceleration torque TA. The 
acceleration conditions at that time become a degree type with twice or the configuration doubled 1/(N-M) 
about an exciting current. 
[0119] 

[Equation 33] 

Tbux=Tmr+Ta < 9. 8 --^p-M' -Io*-,/llUM Z -Io* Z (kg/m) 
TA<9.8-^y 1 -M , -Io*'JllLiM 2 -Io* 2 -Tmr 

«<4^'^(9.8'^-M'-Io*-Jiilim 2 -Io* 2 -Tmr) Cm/S 2 ) (36) 

60 GD 1 v 



«<-^T-- 5 T- (S.B'-^M-M'-Io*^ {(N-M) Iilim} 2 -Io* 2 -Tmr) (m/S 2 ) 



[0120] Moreover, with the configuration which doubles [ IlLIM/root2 twice or (N-M) / IlLIM/root2 ] an 

exciting current, and is considered as maximum torque control, it becomes a degree type. 

[0121] 

[Equation 34] 
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375 *D 



60 QD 



2 



(9.8 



Pole 



■M 1 



IlLIM 



Tmr) (m/S z ) 



(38) 



• 3t§Nf #s 

.3 7 5 *D Pole , {(N-M)Iuim) 2 2l 
fl <"7n ITT (9.8 9— a M 5 Tmr) (m/S J (39) 

[0122] Moreover, when based on a control voltage source, since a property almost equivalent to twice or the 
approach of doubling 1/(N-M) is acquired, acceleration conditions make an exciting current the same as that of 
(36) types or (37) types. 

[0123] As mentioned above, with this operation gestalt, re-operation according to the torque wave which shows 
the acceleration at the time of re-operation with the broken line of the re-operating system made below into the 
condition of (36) - (39) type, for example, drawing 1 3 , is performed. At this time, each rate command omegar 
at the time of re-operation in drawing 1 , drawing 3 , drawing 5 , drawing 6 and drawing 8 - drawing 1 1 can be 
determined by integrating with the pattern of the acceleration alpha set up with the monograph affair in which 
the above-mentioned formula (36-39) was followed. 

[0124] (Modification of an operation gestalt) In the operation gestalt to the above, with each operation gestalt 
except the method which turns off an ACR loop formation at the time of re-operation, the noninterfering 
electrical-potential-difference operation part 13 of an inverter control circuit can be omitted, it can be made the 
configuration considered only as the current control by the d shaft ACR loop formation and the q shaft ACR 
loop formation, and the equivalent operation effectiveness can be acquired. 
[0125] 

[Effect of the Invention] Although according to this invention the above passage a three-phase-circuit N lap 
winding line motor is driven with the inverter of N base and re-operation is performed with a healthy inverter at 
the time of M sets of inverter failure generating The method which doubles [ 1/(N-M) ] the exciting current and 
torque current of a healthy inverter, The method which doubles [ I(N-M)lLIM/root2 ] an exciting current, and 
sets a torque current limit value to I(N-M)lLIM/root2, It writes as the method which turns off an ACR loop 
formation, and the method operated below on the acceleration condition searched for from the relation between 
the torque which a load requires in these methods further, and the torque in which the output of a healthy 
inverter is possible, and re-operation which enlarged motor torque at the time of re-operation as much as 
possible can be performed. 

[0126] Especially, it applies to the driving gear of an elevator and crew rescue operation or normal re-operation 
is attained. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 10] 
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[Drawing 11] 
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